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[57] ABSTRACT 
A color balanced scratch suppressing projection appa 
ratus for color transparencies includes an objective lens 
having a rectangular aperture and de?ning ?rst and 
second conjugate planes. An integrating bar having a 
rectangular cross section and ?rst and second end faces 
is located with its ?rst end face adjacent the ?rst conju 
gate plane of the objective lens. A condenser lens, dis 
posed between the ?rst conjugate plane and the ?rst end 
face of the integrating bar forms an image of the rectan 
gular aperture on the second end face of the bar. The 
linear dimensions of the image of the rectangular aper 
ture are an even multiple of the dimensions of the sec 
ond end face. ’ 

In one embodiment of the invention, the projection 
apparatus is a color transparency scanner, a ?ying spot 
light source such as a CRT is located at the second 
conjugate plane of the objective lens, and a plurality of 
color photosensors are located at the second end face of 
the integrating bar. 
In an alternative embodiment, the projection apparatus 
is a color projection printer, a photosensitive print me 
dium is located at the second conjugate plane of the 
objective lens, and a plurality of colored light sources 
are located at the second end of the integrating bar. 

9 Claims, 11 Drawing Figures 
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' COLOR BALANCED SCRATCH SUPPRESSINGI ' 

PROJECTION APPARATUS FOR’COLOR "1 

TRANSPARENCIES 
BACKGROUND OF THE INVENTION 

1. Field of the Invention . 
The present invention relates to optical apparatus 

employed to project color transparencies, and more 
particularly, to such optical apparatus having means for 
suppressing the appearance of scratches in the transpar 
ency. 

2. Description of the Problem 
Equipment in which color transparencies such as 

color slides, color negatives, or color movie ?lm are 
scanned or projected, are well known. Such equipment 
includes graphic arts scanners, telecine and slide scan 
ning apparatus, and photographic printers. FIG. 1 
shows one example of a prior art color ?lm scanner. In 
the ?lm scanner shown in FIG. 1, a scanning raster 
pattern generated by a CRT 10 is imaged onto a color 
transparency 12 by an objective lens 14. The light 
emerging from the color transparency is relayed by a 
condenser lens 16 to a pairof dichroic mirrors 18 and 20 
employed to separate the light into three primary col 
ored beams. The respective colored beams are interl 
cepted by three photomultiplier tubes 22, 24_and '26 to 
produce three additive primary color signals R, G, and 
B respectively. 
The re?ection and transmission characteristics of 

dichroic mirrors are a strong function of the’ angle of 
incidence of the light striking the mirrors. As a result, 
one ~of the problems with prior art scanning arrange 
ments like that shown in FIG. 1, is that the peripheral 
portions of the raster exhibit a color shaft with‘ respect 
to the ‘central portion. Various approaches have been 
employed to correct this problem, including the’use of 
subtractive trimming ?lters in front of the photomulti 
plier tubes, and the use of extra condenser lenses to bend 
the off axis beams closer to_ the optical axis. 
Another problem encountered in prior art ?lm scan 

ners, as well as in‘projection printers, is caused by 
scratches in the transparency to be projected. The ap 
pearance of a scratch is ampli?ed in the scanning or 
projecting process and results in a white or dark line in 
the resulting picture, depending upon whether the 
transparency is a negative or a positive. The reason for 
this can be appreciated from FIG. 2, which shows a 
partial cross section of a piece of transparent ?lm 28, 
bearing a scratch with facetsi30 and 32. .Each facet of 
the scratch acts like a prism that refracts light passing 
through the ?lm. For example, a ray of light 34 which 
would normally pass through the ?lm, exiting along the 
dotted line 36, is refracted by scratch facet 30 into ‘the 
direction 36'. Similarly, a ray of light 38‘which would 
normally pass through the ?lm and exit along dotted 
line 40, is refracted by scratch facet 32 into the direction 
40'. Much of the light refracted in this manner by 
scratches escapes from the optical path of the scanning 
or projection printing apparatus and is never detected 
by the photosensors in the case of ?lm scanners or by 
the photosensitive medium in the case of project-ion 
printers. ‘ . 5 

One prior art solution to this problem, in the case of 
projection printers, was to employ a diffuse’ source ‘of 
illumination so that for each ray that is refracted‘ by a 
scratch and escapes the optical path of the apparatus,’ 
another ray that normally would have escaped the opti 

5 

30 

2 
cal path is refracted into the optical path, thereby “?ll 
ing-in” for ‘the light normally lost by the scratch. For 
projection printers, this solution is inef?cient since 
much light is wasted. The method cannot be used at all 
in ?lm scanners, which by their very nature require a 
specular rather than a diffuse source of illumination. 
One prior'art approach to scratch suppression that 

works in both projection printers and scanners is to 
cover the scratch with an index matching liquid in a 
so-called liquid gate. This method is effective but it is 
both messy and costly. ' 

It has been suggested in the prior art that the appear 
ance of scratches may be suppressed in a ?lm scanner by 
photoelectronically detecting the light refracted away 
from the optical path by a scratch, and substituting the 
scanned information from the area of the scratch with 
the information from adjacent regions. This approach 
involves the use of complicated electronics and sophisti 
cated sensing and signal processing hardware, and is not 
suitable for use with projection printers. 
‘A further approach employed in both ?lm scanners 

and projection printers has been to surround the optical 
system with re?ecting surfaces, to either, (1) redirect 
light scattered by scratches into, the photosensors in the 
case of ?lm scanners, or ‘(2) to provide off-axis “?ll-in” 
light in the case of projection printers. This approach, 
when used with ?lm scanners, can result in the appear 
ance'of a properly exposed but color-shifted scratch, 
because the light refracted by the facets of the scratch 
encounters the dichroic ?lter in the scanner at angles 
different from that of the unrefracted light. ., i 

In light of the foregoing, the challenge faced by the 
- present inventor was to provide a scratch suppressing 
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opticalprojection arrangement that would avoid the 
problems with the prior art scratch suppressing schemes 
especially the problem of introducing color shifts into 
the suppressed scratches. _ I 

SOLUTION TO THE PROBLEM—SUMMARY OF 
' ' THE INVENTION 

In a ?lm scanning apparatus, the ?rst step in solving 
the problems noted above was to remove the dichroic 
?lters from .the optical arrangement and instead to 
“area-share” the scanning beam with a plurality of color 
sensors using absorptive .?lters. which are not sensitive 
to the angle of incident light. FIG. 3 shows the scanning 
arrangement in this ?rst step of development. A cath 
ode ray tube 100 generates a raster pattern that is fo 
cused on ?lm 102 by an objective lens 104. The objec». 
tive lens contains a rectangular aperture 106. Av con 
denser lens 108 images the rectangular aperture onto an. 
array of photosensors 110, 112 and 114 rendered color 
sensitive by absorptive color ?lters 116, 118 and 120 to 
produce red, green and- blue color signals R, G, and B 
respectively. The chain lines 119 in FIG. 3 show the 
envelope of the light beam impinging on the photosen 
sors. The effect of a scratch facet in ?lm 102 is to rotate 
the light beam about the scratch, as shown by the solid 
lines 121 in FIG. 3. When this occurs, some of the light 
is lost since it falls outside the photosensors, and a color 
shift is introduced, since for the example shown in FIG. 
3,v all of the red and half of the green response is lost. 

In order to recapture the light thatis refracted out 
‘- side the optical path by a scratch facet, the optical path 
between the condenser lens 108 and the photosensors is 
surrounded by reflecting walls provided, for example, 
byra'rectangular integrating bar 122 as shown in FIG. 4. 
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The unfolded optical path is shown by dotted lines in 
FIG. 4 and the ?rst order re?ections of the red, green, 
and blue photosensors are indicated by R’, G’, and B’ 
respectively. Normally, in areas where no scratches are 
present in the ?lm, light from the scanning beam falls 
directly on the red, green and blue photosensors as 
shown by the chain lines 119 in FIG. 4. When a scratch 
facet refracts the beam of light to one side, the portion 
of the beam refracted outside the normal beam envelope 
is reflected from the side walls of the integrating bar 122 
and redirected onto the photosensors. An example is 
illustrated by the solid lines 121 in FIG. 4, where a 
portion of the light beam refracted by a facet of a 
scratch, falls directly on half of the green sensor and all 
of the blue sensor, and a portion of the light beam re 
?ected from the surface of integrating bar 122, falls on 
all of the blue sensor and half of the green sensor. This 
is indicated by the portion of the beam (shown in solid 
lines) falling on the primed sensor areas (B' and G‘) in 
the unfolded optical schematic. A further problem 
arises at this point since, as shown in FIG. 4, the color 
response of the scanner is changed when the beam is 
shifted by a scratch facet in a direction that causes more 
light to fall on one sensor and less light to fall on an 
other. In the example shown in FIG. 4, the blue re 
sponse to doubled, the green response remains the same, 
and the red response is lost, leaving a net color shift 
from red toward blue. Although the scratch is properly 
exposed, a severe color distortion results. 
The present invention was completed by tailoring the 

condenser lens 108 so that the linear dimensions of the 
image of the rectangular aperture 106 were twice (or 
any even whole number multiple) the corresponding 
dimensions of the end face of the integrating bar. FIG. 
5 shows this ?nal con?guration. The chain lines 119 in 
FIG. 5 represent an unrefracted beam and, as can be 
seen in the unfolded optical diagram, the response of the 
sensors to the unrefracted beam is 
§G’+R'+R+G+B+B'+§G'=2G+2R+2B. The 
response of the sensors to a beam refracted by the pres 
ence of a scratch facet, is shown for example by the 
solid lines 121 to be 
iG+B+B’+G'+R’+R"+lG"=2G+2R+2B. This 
is’ thesame response as for the unrefracted beam. Conse 
quently, there is no color shift in the suppressed scratch. 
A color balanced scratch suppressing projection ap 

paratus according to the present invention therefore 
includes an objective lens having a rectangular aperture 
and de?ning ?rst and second conjugate planes. An inte 
grating bar having a rectangular cross section and ?rst 
and second end faces is located with its ?rst end face 
adjacent the ?rst conjugate plane of the objective lens. 
A condenser lens, disposed between the ?rst conjugate 
plane and the ?rst end face of the integrating bar forms 
an image of the rectangular aperture on the second end 
face of the bar. The linear dimensions of the image of 
the rectangular aperture are an even whole number 
multiple of the corresponding dimensions of the second 
end face of the bar. In one embodiment of the invention, 
the projection apparatus is a color transparency scan 
ner, a ?ying spot light source such as a CRT is located 
at the second conjugate plane of the objective lens, and 
a plurality of color photosensors are located at the sec 
ond end of the integrating bar. 
The scratch suppressing optical arrangement can be 

used in the reverse direction in an alternative embodi 
ment in a color projection printer. In the printer, a 
photosensitive print medium is located at the second 
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4 
conjugate plane of the objective lens, and a plurality of 
colored light sources are located at the second end of 
the integrating bar. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described with reference to the ac 
companying drawings, wherein: 
FIG. 1 is a schematic diagram of a prior art ?lm 

scanner; 
FIG. 2 is a schematic cross section of a piece of ?lm 

illustrating the effect of a scratch on light passing 
through the ?lm; ' 
FIG. 3 is a schematic diagram of a ?lm scanner with 

area sharing photosensors, but lacking optical scratch 
suppressing means; 
F IG. 4 is a schematic diagram of a ?lm scanner hav 

ing area-sharing photosensors and features for scratch 
suppression, but lacking features for avoiding color 
shifts in the suppressed scratches; 

FIG. 5 is a schematic diagram of a ?lm scanner hav 
ing an optical arrangement according to the present 
invention having features for suppressing scratches and 
avoiding color shifts in the suppressed scratches; 
FIG. 6 is a schematic diagram of a ?lm scanner hav 

ing an optical arrangement according to the present 
invention, with unequal area-sharing photosensors; 
FIG. 7 is a schematic cross sectional view showing. 

the unfolded optical path of a subtractive color printer 
having a color balanced scratch suppressing optical 
arrangement according to the present invention; 
FIG. 8 is a schematic cross sectional view showing 

the unfolded optical path of an additive color printer 
having a color balanced scratch suppressing optical 
arrangement according to the present invention; and, 
FIGS. 9a-c are perspective views of the integrating 

bars, condenser lenses, and rectangular apertures of 
optical arrangements according to the present invention 
for size 110, 135, and 16 mm ?lms, respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 6, a preferred embodiment of 
the color balanced scratch suppressing projection appa 
ratus according to the present invention is shown in use 
as a ?lm scanner. A raster pattern generated by a CRT 
100 is focused on a transparency 102 by an objective 
lens 104. The objective lens has a rectangular aperture 
106. An image of the rectangular aperture 106 is formed 
by condenser lens 108 on the far end of an integrating 
bar 122 having a rectangular cross section. The linear 
dimensions of the image of the rectangular aperture are 
twice the corresponding dimensions of the far end of 
the integrating bar. The far end of the integrating bar is 
divided into a plurality of color regions R, G, and B, 
and the light from these regions is conducted to a plu 
rality of photomultiplier tubes (partially shown) 110, 
112 and 114 respectively by a plurality of prism blocks 
124, 126 and 128. The light incident on the photomulti 
plier tubes is ?ltered by red, green and blue ?lters 116, 
118 and 120. 

Since the blue response of most photosensors is lower 
than the red or green response, the area of the end of the 
integrating bar assigned to the blue region is twice as 
large as either the red or green region. 

In operation, when the raster beam scans a facet of a 
scratch, the light refracted by the scratch facet will be 
reflected back into the photosensors by the integrating 
bar 122. The color balance of the scratch will not be 
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shifted, since the same quantity ‘of light still. falls on each 
sensor, due to the selection of. thezrnagrti?cation; of the 
condenser lens 108 to formxan image of the objective 
aperture having linear dimensions, ,that are an even 
whole number multiple of the vcorresponding‘dimen 
sions of the photosensing area at the end ‘of the integrat 
ing bar. , _ _ . 

This color balanced scratch suppressing projection 
apparatus may be employed to equal affect in a projec 
tion type printer. FIG. 7 shows in cross section, the 
unfolded optical path of a subtractive type color projec 
tion printer employing a color balanced scratch sup 
pressing optical arrangement according to the present 
invention. A light source generally, designated 200, 
includes a high intensity lamp 202, an ellipsoidal reflec 
tor 204, and a cold mirror 206. Light, from the-lamp 202 
exits the re?ector 204 through an aperture208. ‘Some of 
the light is ?ltered by cyan, magenta and yellow sub 
.tractive ?lters (C, M, and Y respectively), which can be 
adjusted in and out of the light beam to tailor the color 
balance of the light source. The ?ltered light from the 
light source is incident on the end of an integrating bar 
210, forming, in effect, a plurality of color regions anal 
ogous to the plurality of color regions at the end of the 
integrating bar in the ?lm scanner embodiment. The 
light is transmitted by the integrating bar 210 and a 
condensor lens 212 to illuminate a transparency 214. 
The re?ective sides of the integrating bar cause the light 
source to appear to the transparency as a plurality of 
light sources distributed in a pattern about light source 
200 as shown in phantom in FIG. 7. The once re?ected 
images of the light source are indicated by primes (') 
and the twice re?ected images by double primes (”). An 
image of the color transparency 214 is formed on a 
paper plane 216 by an objective lens 218 having a rect 
angular aperture 220. The condenser lens 212 is adapted 
to form an image of the rectangular aperture 220 of 
objective lens 218 on the far end of the integrating bar 
210. The linear dimensions of the image of the rectangu 
lar aperture are twice the corresponding dimension of 
the end face of the integrating bar. In areas of the trans 
parency where there are no scratches, the transparency 
is illuminated by light source 200 and by portions of two 
?rst order re?ections 200’ such that the ?lm appears to 
be illuminated by light from each color region on the 
end of the integrating bar exactly twice. This illumina 
tion is shown by chain lines 219 in FIG. 7. The illumina 
tion of a scratch facet appears to be shifted as shown by 
the solid lines 221 in FIG. 7. The facet is apparently 
illuminated by portions of unre?ected, once re?ected 
and twice re?ected light from the light source 200. 
However, just as before, each color region at the end of 
the integrating bar is represented exactly twice so that 
no color shifts occur in the area of the suppressed 
scratch. 
FIG. 8 shows a cross section of the unfolded optical 

path of an additive color printer with a color balanced 
scratch suppressing optical arrangement according to 
the present invention. In the additive printer, there are 
three colored light sources, generally designated 222 R, 
222 G, and 222 B. Each light source 222 includes a lamp 
224, a re?ector 226, a condenser lens 228, and a color 
?lter 230. The light from the respective light sources is 
transmitted to-the end of an integrating bar 210, having 
a rectangular cross section, by a prism block 232, result 
ing in red, green and blue color regions being de?ned at 
the end of integrating bar 210. As in the example de 
scribed above, light from the light sources illuminates a 
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6 
transparency 214 through a condenser lens 212. An 
objective lens 218‘ with a rectangular aperture 220 forms 
an image of the illuminated transparency‘ on a photo 
graphic paper plane 216. The condenser lens 212 forms 
an image of aperture 220 on the end of theintegrating 
bar 210. The linear dimensions of the image of the rect 
angular aperture are twice the corresponding dimen 
sions of the end face of the integrating bar.’ 

In operation, in areas where there are no ‘scratches, 
each portion of the ?lm appears to be illuminated by the 
unre?ected light sources and portions of the once re 
?ected images of the light sources, as shown by chain 
lines 234 in FIG. 8. In areas where a scratch occurs, as 
shown, in FIG. 8 by solid lines 236, the apparent source 
of illumination is shifted, but each facet still is illumi 
nated by the same proportional quantities of colored 
light, thereby avoiding any color-shift in the suppressed 
scratch. , , ' 

FIGS. 9a-c show the relative sizes and general shapes 
of the objective apertures 220, condenser lenses 212 and 
integrating bars 210 for a trio of popular ?lm formats, 
size 110, 135, and 16 mm, respectively. Table I lists the 
dimensions of the optical apparatus according to the 
present invention for the 110, 135 and 16 mm formats 

, for a ?lm scanner having a CRT with a 6.5” diagonal 
raster, or for a projection printer for making 4”><5" 
prints. 

TABLE I 
FORMAT 

110mm - 135mm - 16mm - 

DIMENSION (FIG. 9a) (FIG. 9b) (FIG. 9c) 
A - Objective Aperture 

Diagonal 1.21 1.63 1.00 
B - Film Frame 

(Bar End) Width .7 1.42 .433 
C - Film Frame 

(Bar End) Height .5 .94 .354 
D - Distance From 

Objective Aperture 
To Film 2.71 5.37 1.76 

E - Bar Length 11.44 16.81 8.96 
F - Bar End 

Height-Width 1.2 1.2 1.2 
Condenser 
Focal Length 2.0 3.63 1.36 
Objective 
Focal Length 2.39 5.12 1.62 

The invention has been described in detail with par 
ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modi?cations 

, can be affected within the spirit and scope of the inven 
tion. 

I claim: 
1. In apparatus for projecting color transparencies, a 

color balanced scratch suppressing optical arrangement 
comprising: 

an objective lens having a rectangular aperture and 
de?ning ?rst and second conjugate planes; 

a rectangular light integrating bar having a ?rst end 
face adjacent said ?rst conjugate plane and a sec 
ond end face; 

means for de?ning a plurality of color regions on the 
second end face of said bar; and 

a condenser lens disposed between said ?rst conju 
gate plane and said ?rst end face of said integrating 
bar, said condenser lens being constructed and 
located with respect to said second end face to 
form an image of said rectangular aperture at the 
plane of said second end face, the linear dimensions 
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of said image being an even multiple of the corre 
sponding dimensions of said second end face. . 

2. The invention claimed in claim 1, wherein said 
image of said rectangular aperture is twice the dimen 
sion of said end face. 

3. The invention claimed in claim 1, wherein said 
integrating bar is tapered to de?ne a small end and a 

large end on said bar and wherein said ?rst end face is 

said small end andsaid second end face is said large end. 
4. The inventions claimed in claims 1, 2, or 3, wherein 

said projection apparatus is a ?lm scanner and further 

comprises a means for generating a raster pattern lo 

cated at said second conjugate plane and a plurality of 
color photosensors located at said second end face. 

15 

25 

35 

45 

50 

55 

65 

8 
The invention claimed in claim 4, wherein said 

second end face is divided into three color regions rep 
resenting red, green and blue. 

6. The invention claimed in claim 5, wherein said blue 
region is larger than said red or green regions. 

7. The inventions claimed in claims 1, 2, or 3, wherein 
said projection apparatus is a projection printer and 
further comprises a photographic paper holder located 
at said second conjugate plane, and a light source de?n 
ing a plurality of colored regions located at said second 
end face. 

8. The invention claimed in claim 7, wherein said 
light source is a subtractive white light source with 
cyan, magenta and yellow ?lters. 

9. The invention claimed in claim 7, wherein said 
light source is an additive light source comprising sepa 
rate red, green and blue light sources. 

it It i i ‘I 


